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An experimentalinvestigationis being con&mted to determine
the effect of varying the rivet diemet.er and pitch ~ the C@W’essive
strength of flat 24S4 alumimm-alloy panelswith.l~itudt~l
Z-sectionstiffenersof the type for whichdesignchartsare avail-
able. So far the investigationhas been limitedto the regionof the
designchartsin which the panelshavethe closeststiffenerspacings
and the smallestvaluesof wid.th-t+%htcknessratio for the webs of
the stiffeners.Tests of thesepanelsshowedthat the effectof
rivetingon the strengthof the panelsdependedon,the type of failure.
The strengthof the short‘panels,whioh failedby localbuckling, ~
increasedappreciablywith eitheran Increasein the diameterof the
rivetsor a decreasein the pitch of the rivets. The strengthof the
panelsof intermediatelength,which failedby a combinationof local
bucklingand columnbending,was leesaffectedly changes”:inriveting.
The strengthof the longpmels, which failed.byCOl~ bendi~> showed
some tendencyto decreasewith an increasein the strengthof riveting.
The decreasewas probablycausedby the greaterinitialcurvature
inducedin the panelby the greaternumberor greatersizedf rivets.

INTRODUCTION

The designand analysisof sheet-stiffenerpanelsfor aircraft
structureshavebeen the subjectof extensive”experimentaland
theoreticalinvestigation,but the determipatibnof the sizeand

. .
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pitch of rivetsfor attachingsheetto stiffenersis a problemthat
has not been adequatelysolved. In reference1 chartsand procedures
are presentedfor the de~i,gnof Z-stiffenedpanelsto carrya given
intensityof loadingat a givenpanellength. The test data on which
the6edesignchartswerebased,’however,were o%ta:inedfor an arbi-
trarydiameterand pitchof the rivets. An investigationis therefore
beingconductedin the Langley6~ructiz&.i&search laboratoryof the
NACA to determinethe effectof a variationin the rivetdiameterand
pitch on the strengthof fla-lj24S-Taluminym-alloypanelswith longi-
tudinalZ-sectionstiffenersof the tj_pefor whichthe designcharh?
of reference1 were prepared,

Resultsare presentedof the secondseriesof testsfor the
investigation,Some resultsof the firstseriesof tests,reported
in reference2, are cabined hereinwith the resultsof the second ●

series. Sinceany numberof canbinationsof rivetdiameterand pitch
are possiblefor any panel,the resultsof the teetsmade in these
firsttwo seriescan coveronlya smallregionon the designcharts
of reference1. Yhe firstseriesof tests (reference2)‘coveredthe
regionin whichthe panelshave the closeststiffenerspacings,the
smallestvalueof width-to-thj.clcnessratiofor the webe of the
stiffeners,and suchlength s’thatfailureIs by localbuckling. The
eecondseriesof tests,with whichthe presentpaper is concerned,
coversthe sameregionas thd testsof reference2 exceptfor the
limitationon the panellengths.
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: SYMBOLS ..,.
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lengthof sp6cimen,inches ,.,.
.,,- ,. + i ‘“ -: ..-

,

,

radiusof gyration,inches I ,. :

elendernesdratio “..,,
.- ,-

width of specipen,inches ,...

spacingof stiffener~cm sheet,inches “ ..

width of attachmentflangeof stiffeners,inches

width of web of stiffeners>

width of outstandingflange

thicknessof sheet,inches”

inches

of stiffeners,

..

thicknessof web of stiffeners,inches

inches

,

.
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d diameterof rivets,inches

P pitch of rivets,inches . .

h depthof countersinkfor rivets,inches

=Cy compressiveyield”stressfor the material,ksi

zf av~age ccmprbssivestressat failingloadfor any’
spectien,ksi .,

c. coefficient“ofend fixityas used in the Euler columnformula. . . . ..

‘i . .,c“cmpressivebad per

5 initialion&itudinal

TEST S2ECIMENS

.,

inch of panelwidth,kips/inch

curvatureof panel,inches

ANiJMETHODOF TESTING,

.,
The specimensconsistedof 24.S.JTaluminum-alloypaneishaving

longitudinalZ-sectionstiffenersas shownin f?.gures1 and 2. The
nominalproportionsof the stiffenerson all panelswere identical.
Two thicknes~esof sheetwere used to give.tworatiosof stiffener

thicknessto sheetthiclmess: ~=l.OO”and O.63. The proportions
Ifj % bA %
T~ =,25J q= 20J ~= 9*5s. qnd ~ = 0.4 were chosento give

the panels.frcm the‘aesign.chartsof reference1 that have’the
closeststiffeherspacingsand the 6nmllee”tvaluesof width-ko-
thicknessratio,for the webs of the stiffeners,,,Inorderto allow
for the largerrivetsused in the predentinvestigation,the value

of” b~ for the panelswas “sligQtlykrger than that us’ed’for those
%“

panelsof reference1 which had %—= 1.00.
t~

Threepanel lengths

were investigated
(
L

)
-= 40, 70, and 120 . The data of reference2
P

were used to provideinformationregardingthe strengthof the panels
L“ ...

at - = 20.
.

P .

Testswere made to detemine the,materialpropertiesof the
. sheetused for thq,construction.ofthe specimens.The maximum

with-graincompressiveyield stress ~cy obtainedfor the titerial
used for the constructj.onof the specimenswas 47.1ksi. The minimum

. -value.ofUc obtainedwas.41;4 ksi. The averagevalueof u
obtainedfro% the resultsof testsof stress-strainspecimens%t
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fromall the sheetsof materialused in the constructionof the
panelswas 43.6ksi. The foregoingvaluesof aoy representthe

with-grainpropertiesof the flat-sheetmat@a2 beforeforming.

The,rivetsused throughoutthe investigationwereA17S-T
flat-headrivets(Al@&KD). Both the sizeand pitchof the rivets
were,variedfor eachratioof sheetthicknessto stiffenerthickness
as is shownin table1. The minimumrivetpitchused in all cases
was equalto threetimesthe rivetdiameter. On all panelsthe
rivetswere drivenby the NACA flush-rivetingprocess(reference3)
in which the rivet is inserted with the head opposite the countersunk
end of the hole,the shankof the rivet is drivenintothe’cavity
formed by the countersink,and the excessmaterial is remvedwith
a milling tool. A countersinkangleof 60° was usedthroughout.
The depthsof the countersinkused are givenin table1.

Ultimatecompressiveloadsfor the specimenswere detemnined
in a hydraulic%estLngmachinehavingan accuracyof one-halfof one
percentof the load. The ends of the specimenswere groundflatand
parallelbeforetestingto insurea uniformdistributionof load over
the panel. .

..

RESULTSAND DISCUSSION

Becauseth,epresent”investigationcoversonly
on the designchartsof reference1, no attemptis
presentthe databy plotti~ the-averagestressat.

—

,

a smallregion
made hereinto
failingload

t?f againstthe paraieter as in reference1, Instead,in

orderto presentthe resultsin a mannersimilarto that of refer-
ence2, ~f is plottedin figure3 against the ratio of rivet

diameterto the sum of the thicknessesof sheetand stiffener @
D. t=”

Nmnbricalvaluksci? 3f and however,
L~~

,-
Figure3 showsthat,for both valuesof

the compressivestrengthof the shortpanels

are listedin table1.

tW/ts investigated,

(3&20d4, which

failedby.localbuckling,increasedappreciab~rwltheither’anincrease
in the diameterof the rivetsor a decreaseIn the pitchof the rivets.

J;n:j;, ;::c:e88
The”strengthoftllepanelsof intermediatelength
failedby a combinationof localbucklingand CO1

,

.
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affectedby changesin riveting. The strengthof the longpanels

6-=‘20)’whichfailedby colurmbending,was not increaaedby an

increasein the strengthof rivet-. In fact,the strengthof the
longpaneltendedto decreasewith an increaseiD the strengthof
riveting.

The tendencyof the strengthof thp,longpanelsto decreaseat

large valuesof
$:$

wasprobablycausedby the relativ@y

largevalueQof initiallongitudinalcurv~tureof the nmre strongly
rivetedpanels. (Seetable1 for valuesof initialpanelcurvature.)
As the stiffenersand sheetare rivetedtogether,the rivets,and
hencethe sheet,tend to expandand thus inducecurvaturein the panel.
The amountof curvatureincreaseswith an increasein the numberof
rivetsand tlaediameterof the rivets. ‘1.hemore stronglyriveted
panels,accordingly,maybe e.xpeotedto have the greaterinitial
curvatures,whichmay be expeotedto decreasethe columnstrengthof
the panels. ,.

CONCLUDINGREMARKS

.“

Resultsare presentedof teststo determinethe effectof varying
rivet diameterand rivetpttch on the compressivestrengthof 24S-T
ahninum+lloy panelswith Z-sectionetiffenerfl.The panelswere
selectedon the basis,of availabledesigncharts, ati the panel
proportionswere limitedto the regionof thesechartsin which the
panelshave the closeststiffenerspacingsand the smallestvalues
of width-t~thicknessratiofor the webs of the stiffeners.The
reeultsshowedthat the effectof rivetingon the strengthof panels
dependedon the type of failure. The strengthof the shortpanels,
which failedby localbuckling,increasedappreciablywith either
an increasein the dMmeter of the rivetsor a decreasein the rivet
pitch. The strengthof the panelsof intermediatelength,which
faileoby a combinationof localbucklipgand columnbending,was
lessaffectedby changesin riveting. The strengthof the long
panelswhich failedby column bending Bhowedsometendencyto
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decreasewith an increasein”thestrengttiof”rivettng,probably
as a resultof the ~eater inttialmrv,atureinducedin the panel
by the ~eater numberor grsatersizeof rivets.

.,

LangleyMemori.al AeronauticalLaboratory
National.Ad.vMsoryCommitteefor Aeronautiics

LangleyField,Va.,June 19, 1947 ,
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Diem. of Depth of Pitch or Average stress
rivets, countersink, rlvete, at faillng lead,

~

(i!ln.) (2J
5 L/fi

(&. )
(ii) (ksi)

ts . O.O@+ in.; bS = 1.60 In.; L = 1.O.40In.; W .8.64 in.;

\
~=1.00;$$=25;~=20;~=~

3/16 43.0% L2Z3
3/9 41.49 1.ml
5/8 a36.855 1.013

1/16 0.035 15/16 a38.38o 1.093

-%
1 29.3cm .E!M

4
26.700 .768

;$g U.eOo 1.303
43.5Q0 1.245

5/8 a38.070 L069
3/32 .040 15/16 %0.035 L.M

%
33.4Q0 .950

q 30.7m .8gl

kb.(xnl 1.317
;$ @+3.735 1.227

1/8 .O.y YJ16 a4L710 LL86

I& 34.75CI .99

~f 32.2Q0 .856

~5/32 . 45.om L31.8
5/8 k3.870 1.19j’

5/32 ‘ .o&) 15/16 40.500 1.142

1~ 36.mo 1.032

q a33.8cil .973
. ——

9/I.6 lL5.340 1.329
5/8 kk.~ L232

3/16 .065 15/16 40.850 1.lEO

1~ 37.600 l.o-r(

q e’33.mo .968

3/4 4b.&85 L.272
~5/~6 4h.485 1.290

ljk 065 l% 38.9oo 1.104

q 35.3W L022

n.-. . .-L---L –L.-Average 01 T,woWSTA3.

RATICNAL ADVISORX
CCMMITTEEFORAEROIU~ICS
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TABLE l.-NOMNAL DIMENSIONSOF Z—STIFFENEDPANEM AND TEST RE3ULTS- Continued

am. of Depth of
‘Ivets, countersink,
d
in,) (i:.)

Pitch of Initiallongitudinal
rivets, ourvature,

(1:.) (i:.)

Average etrem
at fallinglead,

Zf

(ksi)

3./lb

3/32

1/8

5/32

——

3/16

—.. —

1/4

—.
‘Average

ts = 0.064in.;bS = 1.60 in.;L - 20.& In.; V = 8.64Ini

tw bs %L”.l.cO;--25; — S20; F=40
~ ts %

0.035

.040

.o~

——-——

.06

.065

—.—

.065

: two tests.

0.02
.03
.01
.03

.02

.01
..— .—

.06

.02 ::

.02

.04

.00

.01

.03

.03

.02

.01

.01
-.

—.
.03
.03
.02

.01

.01
.-—-

.03

.06

.04

.03

.01
—.

.07

.04

.05

.04

40.910
39.710
38.180
35.870

32.760

26.730

41.y20
40.400
39.010
37.820

34.5.70

28.210

41.440
40.020
38.690

34.5%

28.m

39.7ti
%0. 650
am. 335

35.4&

29.*

39.9W
a40.275
a3g.865

36.310

30.550

41.530
40.$qo

37.040

y. 830
——

Pi

L/&

(kel)

0.583
.5*
.545
.51J.

.472

.3&

.%9

.574

.59+

.545

.503

.4CQ

.593
:$

.4$0

.420
——

.573

.579

.576

.511

.429
—-.

.569

.574

.553

.522

.443

.fbE1

.*

.519

.460
-.

r ‘-

NATIONALADVISORY
00MIITEE FOR AXONAU1’IOS

.
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TABLE l.- K1411ULDIMENSIONSOF Z—9PllTENEDPANELSAND TEST FIEmiTs- Contlnllad

Diam. Of Depth of Pi’c-ahof InitialM@tudlnal Avarago stress Pi
rivets, Oountarsink, ri~eta, curvature, at failing lmd,

~fi

(:. )
zf

(i:.) (i:.) (b=.)
(Io3i) (Io31)

~ = o.o64 in.; ~ = l.~ in.;L = 36A0 in.;I?= 8.64h;

~=l.OO; ~=25; $=20; ~=70

3/16 0.04 ?2.350 0.262
3/8 .03 3k.220 .279
5/8 .01 33.5P .269

L/16 0.035 15/16 .03 33.490 .276

12 .03 30.OW .244

1: .02 22.870 .183

y? .06 32.W .263 -
.03 ‘bJ.5&5 .272

5/8 .Ob a:
3/32 .040 15/16 .02 36:o&

1$ .02 31.%20 .258

+
.02 28.070 .225

3/8 .05. a3k.~05 .2&
15/ 2

J
.Ob 33.540 .274

1/8 .o~ 5/ .o~ a34.405 .278
15/16 .04 a34.&m .275

* .04 32.W .263

T
.03 28.190 .231

15/32 .ll 31.Km .256
5/8 .W 33.780 .276

5/32 .o& 15/16 .lo a31.475 .257

%
.08 a31.950 .262

q .04 29.010 .236

9/16 .I.2 .2k9
5/8 .08 a$:F5 .260

3/16 .065 15/16 .10 b3~.m .260

~ .05 a32300 .263

‘?
.06 a27.75q .220

3/4 .14 a27.920 .224
lpfM .16 27.970 .232

1/4 .065 15 .14 a27.755 .219

$ .o~ 27.5@ .227

‘Avara~e of two tests. .
bAvarageof three te8t8.

HATIoiwLADvism
CC?MMTEEP@ WONAUTICS
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TABL3 l.- NMINAL IU74ENSIC2JSOF ~ PANEM MID TEST RE5ULiTS- Ccm.inued

Diam. of Depth of
rivete, countersink,

d h
(in. )

I
(in.)

Pitch of
rivete,

(1:.)

Initiallcmgitudinal
curvature,

(i:.)

Avemigeetrese
at fai&inglead,

‘f
(kel)

ts . O.O& in.; bs = 1.60 in.;L = @.@ in.;U = 8.& in.;

%%3.1.00 ;--25; —
t:

.20; 920
% %—

1/16 0.035

3/32 .040

—.

-1--=1/8 .o~

5/32 I
.o&J

3/16 .065

.—- —. ......

11+ .065

I

aAvarage of two teats.

o .o~
.lo
.03
.02

.02

.01

.02

.05

.0’7

.07

.06

.03
——

.09 “

.06

.03

.03

.05
. ....

.2

.0t

.07

.03

.o~

.15

.14

.14

.03

.02

.32

.24

.24

.29

IS.320
18.930
19.~p
20.390

18.8go

20.8’70

19.940
a19.460
20.310
19.070

19.895

19.go

18.960
19.620
20.240

20.600

20.370

XL.064
19.430
ala.eay

19.676

19.070

16.310
16.670
16.630

1.8.v

18.77’o
——

9.1-(’0
8.470

U2.1.lo

9.540

‘i
ij7%
(ksi)

RATImAL lumsom
CcMlITI’El?3’0sAeronautics

0.087
.Ogo
.og2
.098

.*

.I.oo

.094

.092

.098

.W

.096

.096

.091

.094

.097

.100

.W
—----

.054

.093

.091

.095

.Ogl

.073

.07Y

.083

.WQ

.Oy

.045

.041

.057

.046

t

b,

*

●“-

.-

.
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TABLE 1.- IR3MIMLDIMENSIONS OF ~ PANEL8Am mm mm - continued

Diem. Of Depth Of Pitch Of Average stress P
rivets, counter8in3q rivets, at failing lead,

+L@

(i:.) (i:.) (i:.) ‘r
(kai) (ksi)

ts =0.102 in.; bs =2.55 in.; L =9.tiin.;W= 13.39 b.;

g bs hiL“ —= 2!5;— - 20; -= 2Q
‘s

=0.63, ~S
%/P

9/32 b2.300 1.41.2
9/16 39.3cKl 1.288
7/8 38.1p 1.218

3/32 O.ow lZ
32

35.400 1.158

*
32

34.500 1.3.29

2 30.000 .984

3/8 43.m 1.445
9/16 40.40Q 1.321
7/8 39.7’00 1.263

1/8 .060 1$ 37.800 1;237

@
32

35.500 L 167

2 30.240 .*

15/ 2
?

843.590 1.431
916 . ‘42.335 1.3ea
7/8 41.050 1.310

5/32 .Op * 37.850 1.236

@
35.750 1.168

32
2 31.800 1.049

a45.19 1.451
%6 b41.150 1.327

3/16 .080 ~$ 38.EDJ 1.263

~~ 38.UO 1.253
32

2 31.900 1.042

3/4 44.oy3 1.471
7/8 a43.mo I.378

1/4 .090 1: 40.700 1.329

@
32

39.&Kl 1.307

2 34.-1oo 1.I.20

aAverage of two tests.
bAverege of three teste.

NATIORALADVEORY
COM4TMTEFOR~NA~ CS
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TASLEl.- NOMINALDIMENSIONSOF ~ PANELSAND TEST RBUUJ!S- Continued 1

Diem. Of Depth of Pitch of Initiallongitudiml Averageetrem Pi
rlvete, countersink, rivets, curvature, at faillnglead,

m
(i:.) (i:.) (1:.)

~f
(1:.) (ksi) (ksl)

tS=O.102 in.;b~ = 2.55in.;L E L&m in.;U _ 13.39“In.;

hf~’w % L=o.3; — -25; —-20; ;.40
% % %

9/32 0.02 1}2.~&i 0.698
9/~6 .02 40.463 .661
7/8 .01 36.6p .589

3/32 O.qm ~ .01
32

35.340 .572

$ .01 33.79 .*

2 .01 30.100 .489
—

.01 41.7S0 .693
?$!6 ,01 Ill.@) .696
7/8 .01 40.W .655

l/9 .060 1* .01 76.300 .586

1$ .01 35,040 .579

2 ~.ol 30.600 .491

15/32 .o~ 42.840 .696
9/16 .02 41.370 .659
7/8 .02 .q40.620 .69..

5/32 ‘ .o~ l+ .02 36.770 .5%

~1$ .01 36.wo .*

2 .01 31.”?80 .506

9/16 .04 43.130 .715
7/8 .02 41.010 .663

3/16 .080 ]$ .Op 38.5w .015

1$ .03 36.520 .*

2 ,03 32.550 .526
-—

3/4 .03 43.210 .W5
7/8 .02 42.340 .693

1/4 .o~p J. .04
32

a390445 .655

@ .03 38.27o .632
32
2 .01 33.870 .55’2—,—

aAvera~e of tkv team. .

NATJORAL ADVISORY
COM41’ITEEFOR AERONAUTICS

.
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TABLE l.- X?CMRLALD-SKINS OP Z—Sl!~ PANELS AND TEST &SULTS - Ccmtlnued

Dlam. Of Depth of Pitah of Initial Arerage❑tress Pi
rivets, Uountersirlk, rivets, lon@tudinel at failinglead,

curvature, z
(:. ) (i:)

z
(:. )

(:.) (ka:) (kal)

ts=O.M2 in.; ~ = 2.55 In.;L = 33.04 in.; W = 13.39 m.;

?sh . 0.63; ~ = 23;
ts

.20; -.70
::

9/32 0.05 34.540 0.326
9/16 .03 36.0s0 .343
7/8 .02 33.o& .315

3/32 o.oy3 + , .02 33.640 .318

1
+ 2

.02 31.3& .296

!2 .02 @.m .274

3/8 .02 35.% q;:
9/16 .O1 35.59
7/9 .02 34.&il .327

1/8 .o& 17 .02
z

35.140 .333

@ .02
3=2

34.830 .33

2 .01 32.9P .311

15/32 .03 34. 4& .327
9/16 .02 37.m .3@
7/8 .02 35.3U .334

5/32 .070 * .03 36.160 -339

1$ .02 35.470 .33-2

2 .02 33.470 .315

9/16 .03 34.930 .328
7/8 .05 34.9& .332

3/16 . .080 1+ .O-f 3.k.3& .326

3$ .03 34.570 .323

2 .05 33.3@ .316

3/4 .13 31.100 .29k
7/8 .06 33.260 .313

1/4 .W
J .03 a37.~30 .353

g .07 34.430 .326

2 .07 33.650 .325

. .
“k.

P
59

NATICNAL ADWLSCU
mmcx9X5 FOR AERONAU’KCCS
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TAB~l.- NOMINAL_SIONS OF~~ P- AND TEST RESULTS - Ccacluded

Diem. of” Depth of Pitch of Initial longitudinal Average atreaa
rivets, counteralnk, rivets, curvature, at falling loed, a

(i:.) (i:.) (1:.)
?if L/fi

(i:.)
(ksl) (kai)

ts M 0.102 In.; bS . 2.35 in.; L = $.& in.; U = 13.39h.;

%4 bs hi
~

. 0.63;— = 25;,— = 20;$ = uo
% t~

9/32 0.04 22.110 0.122
9/16 .11 19.g20 .111
7/8 .14 22.710 .125

3/32 o.o~ J ,05 19.920 .KU

; .06
32

20.20Q .111

2 .08 21.570 .Ml

~/9 .08 21.61.o .119
9/16 .09 22.6w .125
7’/8 .0!3 20.9go .117

l~s .060 1$ .10 21.060 .118

pQ .03
32

19.* .109

2 .04 20.&o ,116

15j~2 .05 20.9Q0 .115
9/~6 .03 21.UO .121
7/8 .02- 20.g’70 .116

5.f’~2 .070 1$ .03 21.920 .1.22

12 .04 ly.6$Kl
3Q

.109

2 .04 22.040 .=3
....— —.,-

5j10 .09 20.440 .113
7/3 .0!3 . 19.940 .11.1.

z/lE .080 1$ .02 .20.880 .117

Q5! .o~
32

20.410 .114

~ .07 18.845 .10b
-—. ...—— -—

~/4 .21 13.400 .o~~

-l? ,17 14.+0 .030

~,,”4 .0;0 1: .15 18.010 ,lG:
3? .

p+ .15 17.650 .o~fi

2 .03 12.030 .095’
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Figure /.- Cross secfion o f test specimens.
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Figure 2.- Test specimens after failure.
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Figure 3. – Concluded.


